Objective To find out whether levels of fibrin degradation products (FDP) and D-dimer are increased in breast cancer-related lymphedema (BCRL) as in many vascular diseases. FDP and D-dimer have been used in blood tests to help differentiate deep vein thrombosis in the diagnosis of lymphedema. Levels of FDP and D-dimer are often elevated in patients with BCRL. Methods Patients with BCRL (group I), non-lymphedema after breast cancer treatment (group II), and deep venous thrombosis (group III) from January 2012 to December 2016 were enrolled. Levels of FDP and D-dimer were measured in all groups and compared among groups.
INTRODUCTION
Lymphedema is a disease in which an excessive, protein-rich interstitial fluid accumulates due to dysfunction of lymphatic system, leading to inflammation, hypertrophy of adipose tissues, and fibrosis [1, 2] . Breast cancerrelated lymphedema (BCRL) is usually classified as secondary lymphedema. It is a chronic, delayed edema of the affected upper extremity due to impairment of axillary lymphatic drainage pathway caused by lymph node dissection and radiation therapy during treatment for breast cancer. BCRL is known to occur in about 20% to 40% of patients after surgery. It is a major factor that lowers the quality of life of survivors [3] .
In clinical practice, we have found that levels of fibrin degradation products (FDP) and D-dimer are often elevated in patients with BCRL. FDP and D-dimer have been used as screening and diagnostic tools in numerous coagulopathies and thrombotic disease. FDP and D-dimer are physiologically involved in blood clotting, growth and remodeling of tissue, wound healing, embryogenesis, blood vessels, and lymphatic vessels [4] . The incidence of upper extremity deep vein thrombosis (DVT) is 4%-10% of all DVTs, with an annual incidence of approximately 0.4 to 1 case per 10,000 persons [5] [6] [7] .
Reduced movements of the affected upper extremity after surgery and radiation therapy in breast cancer because of pain, scar tissue, fibrosis, and tightness may increase the risk of DVT [8, 9] . Differential diagnosis of BCRL and DVT is important because complex decongestive therapy (CDT), a well-known treatment of lymphedema, can exacerbate edema caused by DVT [10] . In DVT patients, levels of FDP and D-dimer have been used as screening tools. They are usually elevated [11] .
There has been an increase in FDP in lymphedema following rheumatic arthritis. Few reports have studied the association of lymphedema with FDP, D-dimer, and coagulation factors. It has been suggested that damage of lymph-venous system, lymphatic hypercoagulation, lymphatic injury, and stasis may increase lymphatic thrombosis and levels of fibrin and FDP after lymph node dissection [12] [13] [14] [15] .
Thus, we hypothesized that levels of FDP and D-dimer might be increased in BCRL and lymphedema due to various causes such as thrombotic disease, liver disease, inflammation, malignancy, trauma, pregnancy, recent surgery, and advanced age. Therefore, the objective of this study was to investigate causes of the increase in levels of FDP and D-dimer.
MATERIALS AND METHODS

Subject
A retrospective investigation was conducted using medical chart reviews of patients who underwent both FDP and D-dimer analyses from January 2012 to December 2016. This study was approved by the Institutional Review Board of Kosin University Gospel Hospital (No. KUGH 2018-09-016).
All BCRL cases in our hospital were diagnosed at 3 months after surgery for breast cancer by physiatrists according to standard guidelines assisted by clinical features, physical examination, lymphoscintigraphy, peripheral vessel ultrasound, and computed tomography angiography. Exclusion criteria were: (1) patients who were older than 60 years old, (2) patients who had a history of both systemic and focal inflammation, such as lymphangitis or cellulitis of the affected upper extremity, (3) patients who had liver disease and coagulopathy, or (4) patients who took medicine such as anticoagulant and antiplatelet that could affect blood clotting and the level of FDP and D-dimer. Seventy-one patients among 302 patients were included in the BCRL group (group I). Of 265 postoperative breast cancer patients during the same period who were not diagnosed with BCRL, 70 patients were classified as non-lymphedema group (group II) while 52 female patients diagnosed with upper extremity DVT were assigned to group III.
Diagnosis and assessment of BCRL
In differential diagnosis of BCRL, laboratory studies including complete blood count, serum electrolytes, kidney function, liver function, and thyroid function and evaluation of cardiac function were additionally performed.
Both upper extremity was measured at 3 cm intervals from the dorsum of the hand to the armpit area (below axilla). A patient whose circumference of the affected upper extremity was 2 cm or more on the unaffected upper extremity and obstruction, delayed uptake of the flow of the lymphatic fluid on axillary lymph node or dermal backflow was observed in the lymphoscintigraphy was diagnosed as BCRL. These patients complained of clini-www.e-arm.org cal symptoms such as swelling, heaviness, discomfort in daily life, and deterioration of quality of life.
Statistical analysis
T-test was used to investigate FDP and D-dimer values of lymphedema (cutoff values of 5.0 and 0.5 μg/μL, respectively, at our hospital). One-way ANOVA was performed for FDP and D-dimer values in each group and post-hoc comparisons were made using the Scheffe and Tukey test. Receiver operating characteristic (ROC) curve was drawn to determine sensitivity and specificity thresholds for FDP and D-dimer values. All statistical analyses were performed using SPSS version 21.0 (IBM, Armonk, NY, USA). Table 1) . Although values of FDP and D-dimer in group I were higher than those in group II, differences between the two groups were not statistically significant. However, values of FDP and D-dimer were significantly (p<0.001) higher in group III than those in group I .
RESULTS
Mean values of FDP and D-dimer in BCRL (
Areas under the ROC curve in groups I and III were 0.878 for FDP and 0.859 for D-dimer (Fig. 1) . The sensitivity and specificity of FDP were 86.7% and 70.1%, respective- www.e-arm.org ly, with 5.555 μg/μL as a cutoff value. The sensitivity and specificity of D-dimer were 74.5% and 78.9% at 1.555 μg/ μL, respectively (Tables 2, 3 and Fig. 2 ).
DISCUSSION
FDP and D-dimer are degradation products of crosslinked fibrin, reflecting the ongoing activation of the hemostatic system [16] . Plasminogen is transformed into plasmin by tissue plasminogen activator (tPA) secreted from vascular endothelial cells. This plasmin sequentially decomposes fibrin to form fibrin degradation product. D-dimer is linked to two D domains of this massive fibrinopeptide [4] . It may be increased by age, surgery, pregnancy, inflammation, tumors, congestive heart failure, and coagulopathy. To date, measurement for levels of FDP and D-dimer has been used as a tool to rule out DVT which could be a cause of edema in the diagnosis of BCRL.
The risk of DVT is increased by reduced venous return and venous stasis secondary to post-operation and radiation therapy in breast cancer patients because of insufficient contraction of limb muscles. Although edema could be caused by both BCRL and DVT, there are significant differences in their management and treatment. Anticoagulation with application of compression stocking is the standard treatment for DVT while CDT is the treatment of choice for BCRL. For this reason, appropriate early diagnosis of BCRL and confirmation of concomitant DVT are important. We found that values of FDP and Ddimer were higher in DVT, a thrombotic disease, similar to previous studies. They were significantly difference compared to those in lymphedema. This suggests that measuring levels of FDP and D-dimer can differenti- www.e-arm.org ate between DVT and lymphedema and help determine treatment.
FDP and D-dimer may be increased in some conditions such as liver disease, rheumatic disease, inflammation, recent surgery, trauma, and malignancy [17, 18] . In this study, values of FDP and D-dimer in BCRL were somewhat higher than baseline values of FDP and D-dimer in the T-test using upper normal limits at our hospital. In sheep animal experiments, lymphatic vessel endothelial hyaluronan receptor 1 (LYVE-1) and vascular endothelial growth factor receptor-3 (VEGFR-3) have been detected in damaged lymph node around scapula and popliteal area and expression of a new lymph capillary network with a diameter of 10-40 μm is observed [19] . It has been reported that degradation of fibrin and FDP in extracellular matrix is associated with lymphatic germination and expansion of lymphangiogenesis [20] [21] [22] [23] [24] [25] . Venous wall thickening of axillary vein was observed on ultrasound in BCRL patients. These findings may be related to slight elevations in concentrations of FDP and D-dimer in plasma, although detailed mechanisms are not well known yet [26] . When levels of FDP and D-dimer are slightly elevated, they could be interpreted as false-positives.
Clinical symptoms and manifestations between lymphedema and DVT may be different. The main symptoms of DVT are acute swelling with skin discoloration and pain whereas lymphedema shows chronic swelling and progressive skin changes [1, 2, 4] . However, it is difficult to differentiate lymphedema from DVT by clinical symptoms and manifestations when lymphedema is at early stage and mild swelling or infection is present. Additional examination may be necessary to confirm lymphatic functions. Lymphoscintigraphy, ultrasonography, venography, and magnetic resonance imaging can be performed for differential diagnosis. Compared to contrast venography, Doppler ultrasonography has sensitivity and specificity both at 82% [27] . To confirm thrombus and venous incompressibility, Doppler ultrasonography could be useful for initial diagnosis when upper extremity DVT is suspected (Fig. 3) .
Limitation of this study included its retrospective nature. Further studies are needed to compare patients with DVT and patients with lymphedema among those diagnosed with breast cancer.
In conclusion, values of FDP and D-dimer were much higher in thrombotic disease than those in lymphedema. Therefore, to measure concentrations of FDP and Ddimer, one of blood coagulation laboratory tests could be used as a helpful marker to differentiate between DVT and lymphedema. Although values of FDP and D-dimer might be somewhat increased compared to their normal reference values, they cannot indicate the occurrence of lymphedema. Fig. 3 . Ultrasonographic findings of upper extremity deep vein thrombosis. Axial image of axillary vein (A) using color Doppler with compression (B).
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